Aims/hypothesis Psychological problems are relatively common in people with type 2 diabetes. It is unclear whether exercise training exerts an effect on quality of life, symptoms of depression, symptoms of anxiety and emotional well-being in people with type 2 diabetes. The aim of this study was to conduct a systematic review to assess the effects of exercise training on these outcomes in people with type 2 diabetes. Methods MEDLINE, PsycINFO, Embase and ClinicalTrials.gov databases were searched. The review included randomised controlled trials (RCTs) of at least 4 weeks' duration in people with type 2 diabetes that evaluated the effect of exercise training on quality of life, symptoms of depression, symptoms of anxiety and/or emotional wellbeing compared with usual care. Results Of 1,261 retrieved articles, 20 RCTs were included with a total of 1,719 participants. Quality of life was assessed in 16 studies. Between-group comparisons showed no significant results for aerobic training with the exception of one study, and mixed results for resistance and combined training. Symptoms of depression were assessed in four studies. In only one study did the intervention decrease symptoms of depression. Emotional well-being was evaluated in four studies, which also showed conflicting results. Symptoms of anxiety were evaluated in one study, which showed a significant improvement. Conclusions/interpretation The effects of exercise training on psychological outcomes in people with type 2 diabetes are conflicting. Therefore, there is a need for further highquality RCTs in order to gain greater insight into the role of exercise training in people with type 2 diabetes.
Introduction
Physical inactivity is one of the major risk factors for the development of type 2 diabetes and its complications [1] . Therefore, an important goal in type 2 diabetes management is achieving and/or maintaining an appropriate level of physical activity [2] . One of the mechanisms responsible for the positive effect of physical activity is improved glycaemic control [3] . In addition, appropriate levels of physical activity are associated with a reduced risk of total and cardiovascular mortality [4, 5] .
Previous systematic reviews and meta-analyses regarding the effects of physical activity in type 2 diabetes have mainly focused on biomedical outcomes such as glycaemic control, body mass and blood pressure [3, [6] [7] [8] . Type 2 diabetes is, however, also associated with psychological problems. For example, the prevalence of depression is elevated in people with type 2 diabetes compared with those without diabetes (18% and 10%, respectively) [9] . People with type 2 diabetes also have a 24% increased risk of developing depression compared with non-diabetic individuals [10] . Furthermore, compared with the general population, people with diabetes tend to report poorer quality of life [11] and a higher prevalence of general anxiety disorder (14%) [12] . In addition, cross-sectional studies in people with type 2 diabetes have shown that higher levels of physical activity are associated with fewer symptoms of depression [13] and improved quality of life [14] [15] [16] .
Results from systematic reviews of intervention studies in healthy and clinical samples showed that exercise training can be used to improve not only biomedical but also psychological outcomes. For example, a meta-analysis of 56 trials showed that in both healthy and rehabilitation groups there was a small but significant improvement in quality of life following exercise training [17] . In two systematic reviews and one metaanalysis that studied the effects of physical activity interventions on symptoms of depression in elderly people, it was found that increased levels of physical activity can lower depression rates and reduce symptoms of depression in the short term [18] [19] [20] . Also, a meta-analysis on the effects of physical activity interventions in healthy adults showed that some interventions can decrease symptoms of anxiety [21] .
To the best of our knowledge, only one (narrative) review [22] has been conducted to investigate whether exercise training has beneficial effects on quality of life and/or (emotional) well-being in people with type 2 diabetes. The aim of this study was therefore to conduct a systematic review of randomised controlled trials (RCTs) in order to assess the effects of exercise training on quality of life, symptoms of depression, symptoms of anxiety and emotional well-being in people with type 2 diabetes.
Methods

Search strategy
MEDLINE (PubMed), PsycINFO, Embase and ClinicalTrials.gov databases were electronically searched to the end of March 2012. The search comprised the terms 'randomised controlled trial', 'type 2 diabetes mellitus', 'exercise', 'quality of life', 'depression', 'well-being', 'anxiety' and related entry terms (electronic supplementary material [ESM] Methods). We used a sensitive search strategy for RCTs [23, 24] . In addition, reference lists of identified articles and related reviews were searched manually. Two raters (MMPH and FEPD) independently reviewed titles, abstracts and entire texts for potentially relevant articles. Disagreements were resolved by consensus or by a third rater (FP) . Agreement between raters was assessed using Cohen's kappa (к).
Eligibility criteria
The pre-specified inclusion criteria applied were as follows: (1) RCTs comparing exercise training with usual care, sham exercise or a minimal educational intervention (exercise training was defined as planned, structured and repetitive bodily movement with the intention to improve or maintain one or more components of physical fitness [25] ); (2) exercise was prescribed for at least 4 weeks; (3) participants were adults (≥18 years) and classified as having type 2 diabetes; and (4) the study included assessment of quality of life and/or symptoms of depression and/or symptoms of anxiety, and/or emotional well-being. There was no language restriction or restriction on the year of publication. However, studies in which exercise training was part of an intervention with multiple components (e.g. combined with a diet intervention) were excluded.
Data extraction and analysis
Data on sample characteristics, intervention characteristics and study results were extracted. Home-based exercise interventions were considered 'individual' interventions. Exercise training was divided into three modes: aerobic (training to improve the efficiency of aerobic energy-producing systems [25] ); resistance (training to improve strength, power and muscle endurance [25] ); and a combination of both. One investigator (MMPH) performed the data extraction, which was checked by a second investigator (FEPD). If possible, standardised mean differences (SMDs) were calculated. SMDs of 0.2 were considered a small effect, 0.5 a moderate effect and 0.8 a large effect [26] . Positive signs reflect better outcomes, i.e. better quality of life, fewer symptoms of depression, fewer symptoms of anxiety and greater emotional well-being in the intervention group compared with the control group. Because of the heterogeneity of exercise training and outcome measurements, data pooling was not possible.
Assessment of risk of bias
The risk of bias was assessed in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [27] . The assessment included adequate sequence generation, allocation concealment, blinding of outcome assessors (related to outcomes addressed in the current systematic review), description of losses and exclusions, and use of intention-to-treat analysis. A study was considered to use intention-to-treat analysis when participants were analysed in the group to which they were randomised regardless of the intervention they actually received and when there were no missing data or when appropriate imputation of missing data was performed. Two raters (MMPH and FEPD) independently assessed the risk of bias. Disagreements were resolved by consensus or by a third rater (FP).
Results
Description of studies
Overall, 1,261 articles were retrieved from electronic databases and manual searches, 161 articles were included based on review of the title, 33 based on review of the abstract, and 20 [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] based on review of the full text article (ESM Fig. 1 ). The κ agreement between raters for article selection was 0.78.
A total of 1,719 people with type 2 diabetes were included in the studies. Samples sizes ranged from 18 [30] to 84 [32] participants, with the exception of Reid et al [44] (n=218) and Nicolucci et al [42] (n=606). The mean age of the participants ranged from 43 years [30] to 70 years [46] . The mean BMI ranged from 25 kg/m 2 [28] (Table 1 ). In none of the studies was low quality of life or low emotional well-being, or suffering from symptoms of depression or anxiety, an inclusion criterion. Four studies compared two or three modes of exercise training with a control group [28, 34, 38, 44] . Including these studies, a total of ten studies examined the effect of aerobic training [28, 30, 33-35, 38, 39, 41, 44, 45] , five the effect of resistance training [28, 31, 40, 43, 44] , and ten the effect of combined training [29, 32, 34, 36-38, 42, 44, 46, 47] . In studies examining aerobic training, (Nordic) walking was the most common exercise training [28, [33] [34] [35] 45] . Other forms of aerobic training were treadmills and/or bicycle ergometers [44] and circuit training [38] . In three studies, the specific form of aerobic training was not specified [30, 39, 41] . Studies examining resistance training all followed a progressive schedule, using pneumatic/weight resistance training machines [40, 44] , multigym apparatus/dumb-bells [28, 43] or exercise bands [31] . Combined training consisted of t'ai chi [37, 47] or a combination of aerobic (e.g. walking, treadmills, outdoor activities) and resistance training (e.g. circuit training, weight machines) [29, 32, 34, 36, 38, 42, 44, 46] . In one study the aerobic training [33] and in two studies the combined training [32, 36] was not supervised ( Table 1) .
The duration of the training sessions varied from 10 min [29, 36] to 60 min [35, 37, 39] . The frequency of the training sessions varied from once a week [34, 37] to (at least) five times a week [31, 36, 41, 45] . The duration of the total training period varied from 6 weeks [39] to 12 months [42] ( Table 1) .
Adherence rates were reported in 14 studies [29, 31-36, 38, 41-44, 46, 47] . Dropouts were (partially) reported in all but one study [40] . None of the studies had a dropout rate >20% (Table 1 ).
Outcomes
Quality of life Six studies examined the effect of aerobic training on quality of life [30, 33-35, 38, 44] . Adequate random sequence generation was performed in four studies [30, 33, 38, 44] , adequate allocation concealment in three studies [30, 33, 44] , and blinding of outcome assessment in two studies [38, 44] . All studies gave an adequate description of losses and exclusions [30, 33-35, 38, 44] . An intention-to-treat analysis was performed in four studies [30, 33, 34, 44] (ESM Table 1 ).
Three studies used the 36-item Short-Form Health Survey (SF36) [34, 38, 44] , one the abbreviated version of the World Health Organization Quality of Life questionnaire (WHOQol-BREF) [30] , one the Swedish Health-Related Quality of Life questionnaire (SWED-QUAL) [33] , and one the Quality of Well-Being scale [35] . Reid et al [44] did not perform a statistical test to compare the mean scores on the SF36 mental component scale of the participants who received supervised aerobic training and those who received usual care (respectively, baseline 52.4±9.3 and 47.3±9.6, post intervention 54.5 ± 9.6 and 54.0 ± 9.6; SMD 0.05; n=103). The same was true for the SF36 physical component scale (respectively, baseline 49.7±7.2 and 49.2±7.4, post intervention 49.9 ± 7.5 and 48.8 ± 7.5; SMD 0.15; n=103). Four smaller studies (sample sizes between 18 [30] and 44 [34] ) reported no significant effects of aerobic training on quality of life compared with usual care [30, 34, 38] or education [35] immediately post intervention. SMDs could be computed for two of these studies varying from −0.68 ('general health' SF36 subscale) [38] to 0.69 [30] . Two studies performed an additional follow-up measurement. Gram et al [34] evaluated Nordic walking during 4 months with follow-up after 1 year. Kaplan et al [35] also evaluated walking during 10 weeks with follow-up after 6, 12 and 18 months. Neither found any significant effects of exercise. However, Fritz et al [33] also evaluated a 4 month Nordic walking intervention (n=50) and found significant Table 2) . Four studies examined the effect of resistance training on quality of life [31, 40, 43, 44] . Adequate random sequence generation, allocation concealment, blinding of outcome assessment and intention-to-treat analysis were performed in two studies [43, 44] . Three studies gave an adequate description of losses and exclusions [31, 43, 44] (ESM Table 1 ). Three studies used the SF36 [31, 40, 44] and one used the 12-item Short-Form Health Survey (SF12) [43] , all immediately post intervention. Results were mixed for the mental component scale of the SF36/SF12. Lincoln et al [40] examined the effect of 16 weeks' training and found a significant positive effect of resistance training compared with usual care (p<0.001; SMD 1.15; n=58). However, Reid et al [44] reported a significant positive effect favouring usual care (p<0.001; SMD −0.38; n=110) compared with 6 months' training on exercise machines. Plotnikoff et al [43] found no significant effect of their home-based training (SMD 0.58; n=48). Results on the physical component scale of the SF36/SF12 were also mixed. Reid et al [44] found no significant effect on the physical component scale (SMD 0.32; n=110), which is in line with the finding of Plotnikoff et al [43] (SMD 0.12; n=48). Cheung et al [31] found a significant positive effect of home-based training with exercise bands compared with usual care in their sample with the highest mean BMI (intervention group 39.7 kg/m 2 ), on the subscale 'general health' (p = 0.02; SMD of change scores 0.87; n = 37) ( Table 2 ).
All ten studies examining the effect of combined training assessed quality of life [29, 32, 34, 36-38, 42, 44, 46, 47] . Adequate random sequence generation was performed in five studies [37, 38, 42, 44, 47] , adequate allocation concealment in four studies [37, 42, 44, 47] , and blinding of outcome assessment in three studies [37, 38, 44] . All studies gave an adequate description of losses and exclusions [29, 32, 34, 36-38, 42, 44, 46, 47] . An intention-to-treat analysis was performed in three studies [34, 44, 47] (ESM Table 1 ). Eight studies used the SF36 [29, 34, 36-38, 42, 44, 47] , one the European Quality of Life questionnaire (EuroQoL) [32] , and one a combination of the Diabetes Quality of LifeDiabetes Control and Complications Trial (DCCT) Research Group questionnaire and the Modified Quality of Life Measure for Youths [46] . Results were mixed. Five studies with sample sizes between 28 [38] and 76 [36] participants found no significant effects of combined training on quality of life compared with usual care [34, [36] [37] [38] 46] . SMDs could be computed for four of these studies varying from −0.63 ('social function' SF36 subscale) [38] to 0.43 [36] . However, Nicolucci et al [42] , who studied the largest sample (n=606) and had the intervention with the longest duration (12 months), found positive effects of intensive combined training on all subscales of the SF36 (SMDs between 0.67 for 'physical functioning' and 0.94 for 'general health'). Aylin et al [29] found significant positive effects of resistance training combined with homebased walking compared with usual care on three of seven subscales of the SF36, i.e. 'emotional role' (p=0.03; SMD 0.24), 'mental health' (p=0.02; SMD 0.17) and 'vitality' (p<0.001; SMD 0.33), in their sample of 36 participants. Furthermore, Tsang et al [47] found a significant positive effect of 16 weeks of t'ai chi training compared with sham exercise on the only SF36 subscale ('social function') they assessed (p=0.04; SMD 0.13; n=38). After correction for percentage of body fat, however, there was no longer a significant effect. Reid et al [44] also found no significant effect on the physical component scale of the SF36 (SMD 0.12; n=109). They did, however, find a positive significant effect on the mental component scale favouring usual care (p<0.001; SMD −0.17) compared with combined training. Ferrer-Garcia et al [32] only tested for within-subject effects of combined training on quality of life in the sample with the best glycaemic control (intervention group, HbA 1c 6.4%/46 mmol/mol) in the included studies. They found significant improvements in the combined training group but not in the usual care group (SMD EuroQol 0.49, SMD EuroQol visual analogue scale 0.71; n=84). Gram et al [34] were the only group to assess quality of life 8 months post intervention (n=44). They found no significant effect of individually tailored combined training on quality of life compared with usual care (Table 2) .
Both Fritz et al [33] and Reid et al [44] noted that baseline quality of life scores of the intervention participants did not differ from those of people without type 2 diabetes. Plotnikoff et al [43] also remarked that quality of life scores were relatively high at baseline compared with those of the general adult population in their province. This phenomenon of the 'healthy volunteer' was also addressed by Tessier et al [46] .
Symptoms of depression
Four studies examined the effects of exercise training on symptoms of depression [29, [39] [40] [41] . Adequate random sequence generation and adequate allocation concealment was performed in one study [41] . It was unclear in all studies whether blinding of outcome assessment was performed [29, [39] [40] [41] . One study did not have an adequate description of losses and exclusions [40] , and in none of the studies was an intention-to-treat analysis performed or it was unclear whether one was done [29, [39] [40] [41] (ESM Table 1 ).
Two studies tested whether aerobic training affected symptoms of depression [39, 41] . McKay et al [41] assessed the effects of an 8 week internet physical activity intervention on symptoms of depression, using the ten-item Center for Epidemiologic Depression Scale (CES-D), and found no significant effect (SMD 0.37; n=78). Similarly, Ligtenberg et al [39] found no significant positive effect on the 'depression' subscale of the General Well-Being Questionnaire of their 6 weeks' training programme in 58 participants. Lincoln et al [40] examined the effects of training with pneumatic resistance machines on symptoms of depression. They found that the intervention decreased symptoms of depression (p<0.001; SMD 1.51; n=58), assessed with the Geriatric Depression Scale immediately post intervention, compared with usual care. Aylin et al [29] found no significant effect of homebased walking combined with resistance training compared with usual care, assessed with the CES-D immediately post intervention (SMD 0.21; n=36) ( Table 3) .
Lincoln et al [40] were the only investigators who reported the number of participants with elevated levels of depressive symptoms: 52% of their participants had levels of symptoms of depression that were likely to indicate clinically relevant distress at baseline. [39] examined the effect of 6 weeks' aerobic training on symptoms of anxiety. They gave an adequate description of losses and exclusions, but for the other domains it was unclear whether there was a high or a low risk of bias (ESM Table 1 ). These researchers found that aerobic training significantly reduced symptoms of anxiety compared with education (p=0.007; SMD 0.66; n = 58), assessed using a subscale of the Well-Being Questionnaire immediately post intervention (Table 4) .
Symptoms of anxiety Ligtenberg et al
Emotional well-being Of the four studies that examined the effects of exercise training on emotional well-being [28, 39, 44, 45] , two performed an adequate random sequence generation and an intention-to-treat analysis [44, 45] . Adequate allocation concealment and blinding of outcome assessment were performed in one study [44] . All studies gave an adequate description of losses and exclusions [28, 39, 44, 45] (ESM Table 1 ).
All four studies used (different versions of) the General Well-Being Questionnaire, immediately post intervention, and addressed the effects of aerobic training on emotional well-being [28, 39, 44, 45] . Two studies found significant positive effects of aerobic training on emotional well-being [39, 45] : Shenoy et al [45] evaluated the effect of 8 weeks of walking using a pedometer compared with usual care (p<0.001; SMD 2.26; n=40); and Ligtenberg et al [39] evaluated 6 weeks of aerobic training compared with education (p=0.023; SMD 0.69; n=58). However, Arora et al [28] found no significant effect of walking compared with usual care (SMD 0.39; n =20). Reid et al [44] did not perform a statistical test to compare the mean scores on the Well-Being Questionnaire of the participants who received aerobic training with those who received usual care (respectively, baseline 25.6±5.2 and 24.6±5.3, post intervention 27.3±5.3 and 25.9±5.4; SMD 0.26; n=103). Two studies addressed the effects of resistance training on emotional well-being compared with usual care, immediately post intervention [28, 44] . Reid et al [44] found no significant effect (SMD 0.31; n=110), while Arora et al [28] found a significant positive effect despite a considerably smaller sample size (SMD 1.33; n=20). Reid et al [44] also evaluated the effects of combined training compared with usual care on emotional well-being, finding no significant effect (SMD 0.13; n=109) immediately post intervention (Table 4) .
Discussion
This is the first systematic review focusing on the effects of exercise training on quality of life, symptoms of depression, symptoms of anxiety and emotional well-being in people with type 2 diabetes (n=1,719). The 20 included studies were rather heterogeneous in terms of type of intervention, target population, instruments used to measure the outcomes and risk of bias. This heterogeneity was reflected in the mixed results that were found. Aerobic training did not seem to have positive effects on quality of life or symptoms of depression, but a positive effect was found on anxiety (although this was measured in only one study), and effects on emotional well-being were mixed. The effects of resistance training on quality of life and well-being were also mixed.
Resistance training reduced symptoms of depression, yet this was assessed in only one study. Studies evaluating combined training found mixed effects on quality of life and no effects on symptoms of depression or emotional well-being. Because of the small number of studies, especially concerning symptoms of anxiety, symptoms of depression and well-being, these results should be interpreted with caution. A positive effect of exercise training on quality of life in people with type 2 diabetes was expected. In this review, however, the effects of exercise training on quality of life were mixed and were almost absent for aerobic training. There are several explanations for these mixed results. Apart from the heterogeneity of exercise training and participants, there are also different operationalisations of the concept of quality of life. This is reflected in the variety of quality of life subscales that were used in the studies included in the current review. Also, diabetes-specific quality of life might have a stronger association with exercise training than health-related/general quality of life. For example, it was found that a decrease in HbA 1c , which is related to physical activity [3] , was not associated with improved health-related quality of life but was associated with improved diabetesspecific quality of life [48] . However, only one study included in the current review partially assessed diabetesspecific quality of life [46] .
In addition, studies included in this review predominantly measured outcomes immediately post intervention. Quality of life is, however, adversely associated with complications of diabetes [49, 50] but is not associated with short-term diabetic control [50] , both of which are related to physical activity [1, 3] . Therefore, the expected positive effect of exercise training on quality of life might be more prominent in the long term. It should, however, be mentioned that the required long-term compliance with exercise is still of major concern [51] .
One study that was included in the current review, with 52% of the participants having clinically relevant levels of depressive symptoms, found positive effects of exercise training [40] . This is in line with earlier reported positive effects of exercise training in depressed elderly people [20] and depressed adults [52] . However, three studies in the current review that did not report on the number of participants with clinical depression, nor had it as an inclusion criterion, found no positive effect. This might suggest that exercise training could have a positive effect on clinical depression and clinically meaningful levels of depressive symptoms, but not on subclinical levels of depression. The mechanisms that might link exercise to improvements in (symptoms of) depression are still uncertain. A few of the proposed mechanisms for the relationship between exercise and depression are via improvement of mood as a result of improved fitness [52] , enhanced self-efficacy and the release of endorphins [53] .
As anxiety can influence daily life to a large extent, it is important to investigate possible treatment modalities. However, symptoms of anxiety were assessed and reported in only one of the included studies [39] . Although the positive results of that study are in line with results of a review on the effects of physical activity in healthy people with symptoms of anxiety [21] , no conclusion can be drawn based on only one study.
Four of five studies that assessed emotional well-being showed positive effects of exercise training. Because of the limited number of studies addressing emotional well-being, this finding should be interpreted with caution. In addition, people with type 2 diabetes face specific diabetes-related problems that might influence their well-being. The use of a diabetes-specific well-being questionnaire might lead to different results. However, no study using such a questionnaire was included.
Floor and ceiling effects can occur when there is little room for improvement due to very low or very high scores at baseline. This might be a partial explanation for the lack of clear effects of exercise training on psychological outcomes in this review. In none of the studies was it an inclusion criterion to have low quality of life or emotional well-being, or to suffer from symptoms of depression or anxiety. In addition, 'the healthy volunteer' [46] might be more willingly to participate in an exercise intervention. For example, having symptoms of depression predicts subsequent non-adherence to self-care, such as exercise, in patients with type 2 diabetes [54] . In several of the included studies this issue was addressed as an explanation for a lack of positive effects [33, 43, 44, 46] . Lincoln et al [40] were the only investigators to find a positive effect on symptoms of depression, but they were also the only ones who reported that 52% of their participants had levels of clinically relevant symptoms of depression at baseline.
There are several limitations that restricted us in drawing conclusions. We were not able to retrieve a sufficient number of homogenous studies, as a consequence of which it was decided that statistical pooling by means of a metaanalysis was not feasible. However, in order to make some comparisons, we divided the studies into three modes of exercise: aerobic, resistance and combined exercise. Furthermore, only a few studies addressed symptoms of depression, symptoms of anxiety or emotional well-being. Although there appears to be increasing attention to the psychological effects of physical activity in type 2 diabetes, as reflected by the fact that the majority of the included studies were published in the past 5 years, still the main focus of research in type 2 diabetes and physical activity is on biomedical outcomes [3, [6] [7] [8] . Also, a substantial number of the studies had a relatively small sample size, resulting in a possible lack of power to detect significant changes in outcomes. Moreover, as is the case with all systematic reviews, there is a risk of publication bias.
The inconclusive results in this study underline the need for future research into the effects of exercise training on psychological outcomes in people with type 2 diabetes. It is unclear which elements of exercise training might have contributed to positive effects in some of the studies. For example, in this review no answer is given to the question whether physical activity itself or the attention of caregivers and contact with peers might have led to some of the positive findings. This requires more well-described, highquality RCTs (with sufficient power) that also evaluate the level of physical activity; this was done in approximately only half of the included studies. More research on this topic would also enable the performance of a meta-analysis and an assessment of the effects of different modes, intensities and durations of exercise training.
We conclude that this first systematic review of the literature showed that the effects of exercise training on quality of life, symptoms of depression, symptoms of anxiety and emotional well-being in people with type 2 diabetes are conflicting; therefore, more research is warranted.
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